Introduction and hypothesis To determine the value of preoperative anal physiology testing and transanal ultrasonography in predicting clinical response to sacral neuromodulation for fecal incontinence. Methods We report a retrospective study of all patients treated with sacral neuromodulation for fecal incontinence in a single practice between 2011 and 2014 was performed. Patient demographics included age, gender, comorbidities, presence of an ultrasound-defined external sphincter defect, and history of prior anal sphincter repair. Cleveland Clinic Florida (CCF) scores were used to assess the severity of fecal incontinence at baseline, and at 3, 6 and 12 months. Pearson's correlation coefficient was used to evaluate the relationship between preoperative physiology testing and ultrasonography and patient outcome. Results Sacral neuromodulation was trialed in 60 patients, of whom 31 had anorectal physiology testing and 29 did not. Patients who were tested were younger (60.9 vs. 71.4 years, p=0.013) and more likely to have had a prior overlapping sphincteroplasty (40.5 % vs. 15 %, p = 0.043). Among patients who progressed to complete system implantation, CCF scores at 3 and 12 months were similar whether they had physiology testing or not. Likewise, patient outcome did not correlate with the finding of an ultrasound-defined external sphincter defect. Pearson's correlation coefficient was used to evaluate the relationship between the test results and the 3-month CCF scores. CCF scores 3 months after full system implantation did not correlate with the presence or size of an external sphincter defect, resting or squeeze pressure, pudendal nerve terminal motor latency, rectoanal inhibitory reflex, or minimum detectable volume. Conclusions Anal physiology testing and ultrasonography were not predictive of clinical outcomes among patients treated with sacral neuromodulation for fecal incontinence.
Introduction
Fecal incontinence (FI) is a complex problem with a prevalence ranging between 0.4 % and 18 % [1, 2] . It predominantly affects women as a result of either direct damage to the anal sphincter or stretch injury to the pudendal nerves during childbirth [3, 4] . The Mature Women's Health Study indicated that 18.8 % of women aged ≥45 years experience FI at least once per year, while 9.5 % have at least one episode per month [1] . FI has a profound impact on self-esteem and overall quality of life [5] .
Over the past several years, many new treatment modalities have emerged, and among the more promising options is sacral neuromodulation (SNM) [6] . This minimally invasive technique modulates nerve impulses to the S3 nerve root, and has been shown to be very effective at improving FI symptoms in patients who have failed conservative measures [7] [8] [9] [10] [11] . Since mainstream acceptance as a treatment option for FI, it is unclear which patients may most benefit from treatment with SNM and there is no consensus as to the required work-up for patients prior to proceeding with SNM.
The work-up of patients with FI often includes anorectal physiology testing and transanal ultrasonography [12] . Though the goals of these testing modalities are to correlate objective findings with selection for particular treatment modalities, data from these studies have not been consistently shown to correlate with the severity of FI or prediction of outcomes following treatment with traditional management algorithms [12] [13] [14] [15] [16] . The purpose of this study was to investigate whether anorectal physiology testing or transanal ultrasonography may predict patient response to treatment with SNM.
Materials and methods
Eligible patients were identified from a prospectively maintained, single-institution database approved by the Institutional Review Board (IRB) of all patients with FI who had undergone test stimulation for SNM for FI from August 2011 to August 2014. Inclusion criteria were as follows: at least two episodes per week of FI, failure of conservative treatments, discussion of all available options, and written informed consent. The study was approved by our IRB.
Study procedures
Baseline patient assessment included a complete history and physical examination. The selection strategy for testing reflects a change in our practice pattern over time. Our previous practice pattern was to obtain physiology and ultrasound testing in all patients with FI. Once we developed experience with SNM, we stopped ordering routine testing. The two cohorts described here represent consecutive periods of time in which the first group of patients were tested and the second group of patients were not. When performed, physiology testing consisted of resting and squeeze pressures, rectoanal inhibitory reflex (RAIR), minimum sensory threshold, and pudendal nerve terminal motor latency. Anorectal manometry records the pressure exerted by the anal sphincters and puborectalis during rest and during contraction. Diminished pressures are often seen in the setting of FI. The RAIR is an involuntary internal anal sphincter relaxation in response to rectal distension, which allows some rectal contents to descend into the anal canal. Absence of RAIR implies a functional disorder such as Hirschprung's disease. Pudendal nerve terminal motor latency evaluates for damage to the pudendal motor nerves on the basis of nerve conduction. Prolonged conduction implies damage to the pudendal nerves. There are no standardized values for normal, as each institution uses different types of equipment for measurement and thus, normal values are specific to each institution.
Transanal ultrasonography was performed using a threedimensional diagnostic ultrasound system (Hawk type 2050; B-K Medical, Naerum, Denmark) with a rotating endoprobe at 13 MHz. Anorectal manometry was performed using a fourmicrotip transducer and a water-perfused catheter (Mui Scientific Type SR4B-5-0-0-0; Mississauga, Ontario, Canada). The water-perfusion method was performed using a pull-through technique with the patient lying in the left lateral position.
Disease severity was measured using the Cleveland Clinic Florida (CCF) FI scale, a validated scoring system, which assigns scores from 0 indicating perfect continence to a maximum of 20 indicating complete incontinence ( Table 1 ). The CCF FI scale combines loss of flatus, liquid and solid stool, as well as impact on quality of life and the use of a pad to assess the severity of FI [17] . Patients were followed up at 3, 6, and 12 months, and annually thereafter. Patients received either a staged test evaluation with a quadripolar lead (model 3889, Interstim; Medtronic® Inc., Minneapolis, MN) for 14 days as previously described [18] , or a basic evaluation for 7 days with a nontined lead (model 3057; Medtronic® Inc. Minneapolis, MN). The method used for test stimulation reflects a shift in our practice pattern to the basic evaluation with the nontined lead as our experience with the technique increased. Patients who experienced ≥50 % improvement in FI episodes during the test period were offered implantation of an Interstim generator (model 3023).
Statistical methods
The baseline characteristics of patients who had preoperative physiology testing and those who did not were compared Table 3 shows the results of physiology testing in the 31 patients who were tested. Notably, 40.3 % of patients assessed with ultrasound had a complete external sphincter defect (mean defect size 113°). Among patients who progressed to complete system implantation, CCF scores at 3 and 12 months were similar whether they had physiology testing or not. Likewise, patient outcome did not correlate with the finding of an ultrasounddefined external sphincter defect (Fig. 1) .
Pearson's correlation coefficient was used to evaluate the relationship between the test results and the 3-month CCF scores. CCF scores 3 months after full system implantation were not correlated with the presence or size of an external sphincter defect, resting or squeeze pressure, pudendal nerve terminal motor latency, RAIR, or minimum detectable volume (Table 4) .
Discussion and conclusions
The results of our study indicate that preoperative anal physiology testing and ultrasonography do not correlate with patient outcome following treatment with SNM. Although these studies may have some merit in selecting patients for treatment with other modalities such as sphincteroplasty or biofeedback, they appear to be unnecessary if SNM is the therapy choice. The prognostic value of preoperative physiology testing in FI is still controversial.
Some studies support anal manometry and endoanal ultrasonography in guiding treatment options in patients with FI [19, 20] . However, other studies suggest that findings on physiology testing do not consistently correlate with severity of FI or prediction of outcome [14, 15] . Endoanal ultrasonography may be a useful tool for identifying patients with complete sphincter disruption and allow the surgeon to choose between the options of sphincter repair or SNM. However, the findings on ultrasonography do not correlate with the degree of success with SNM. Studies by Tjandra et al. corroborated this finding, showing equivalent results with SNM in patients with intact sphincters and those with complete sphincter disruption [21] .
Anorectal physiology testing consists of a number of simple noninvasive tests. While the goal would be to correlate objective findings with response to various treatments, significant variability has been reported especially regarding anal manometry [14] . Lam et al. studies 600 patients who underwent anorectal manometry and transanal ultrasonography between 2003 and 2009. They concluded that incontinent patients tended to have lower pressures and smaller rectal capacity, and were more likely to have a sphincter defect than controls. However, incontinent and continent patients showed a substantial overlap in anorectal manometry and transanal ultrasonography results [12] . Liberman et al. studied 90 patients referred to their anorectal physiology laboratory who underwent either medical or surgical management on the basis of transanal ultrasonography, pudendal nerve terminal motor latency and anorectal manometry as well as physical examination by a colorectal surgeon. They concluded that anorectal physiology testing is useful in the evaluation of patients with FI with transanal ultrasonography being the most likely to change their management [15] . Overall, the results of physiology testing have yet to be consistently correlated with prediction of outcomes following various treatments for FI [12] [13] [14] [15] [16] . The value of pudendal nerve terminal motor latency testing in FI remains unclear. Though some studies have shown a correlation [21] [22] [23] , more recent studies suggest that the presence or absence of pudendal neuropathy does not predict outcome after sphincter repair [24, 25] . Our study supports the findings of Brouwer and Duthie who demonstrated no correlation between pudendal nerve latency testing and outcomes following SNM [26] . Studies looking at the mechanism of action of SNM have shown that in addition to improvement in muscle function, SNM also modulates sacral reflexes that regulate rectal sensitivity and contractility, anal motility and brain activity relevant to the continence mechanism [27] [28] [29] . It may be possible that current testing modalities are simply not able to detect which of the stages in these complex interactions are predictive of success with SNM. Our findings are in agreement with those of other studies showing that the presence of a complete external defect does not predict patient outcome after SNM implantation. Tjandra et al. studied patients with external sphincter defects up to 120°and demonstrated 100 % continence in 41.5 % and 75 -99 % improvement over baseline [11] . The neurophysiologic basis underlying this correlation is likely the proposed sensory neuromodulatory effects of SNM rather than a direct effect on the external anal sphincter [9] .
The limitations of our study include the fact that it was a retrospective review in which patients were not randomized. This leads to the possibility of selection bias among the groups. A randomized trial would be needed to eliminate this type of bias. It is also possible that there are other factors predictive of success with SNM which we did not study and have yet to be identified. Additionally, no quality of life instrument was used in this study. It is also possible that a larger sample size would be needed to truly detect a negative result. Although a more interesting question may be which factors are predictive of failure with a stage 1 test, the failure rate is so low (8.4 %) that a very large multi-institutional study would be needed to achieve adequate statistical power.
SNM patient outcomes do not correlate with preoperative physiology testing values. Currently, the best predictor of success is patient response to test stimulation. Although 
